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Cross Reference to Related Applications 

This patent application is related to co-pending, commonly-owned U.S. Patent 
Application 10/016,524 entitled "Flexible Track Drilling Machine" filed December 10, 2001, 
and to the following concurrently-filed, commonly-owned U.S. patent applications: 

20 "Apparatus and Methods for Manufacturing Operations Using Opposing-Force Support 
Systems" bearing attorney docket number BING- 1-1003, "Methods and Apparatus for Track 
Members Having a Neutral- Axis Rack" bearing attorney docket number BING-1-1004, 
"Apparatus and Methods for Manufacturing Operations Using Non-Contact Position 
Sensing" bearing attorney docket number BING-1-1005, and "Apparatus and Methods for 

25 Servo-Controlled Manufacturing Operations" bearing attorney docket number BING-1-1006. 
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Field of the Invention 

The present disclosure relates to methods and apparatus for counterbalance-assisted 
manufacturing operations, and more specifically, to methods and apparatus for performing 
5 counterbalanced drilling operations on aircraft fuselage sections. 



Background of the Invention 

The fabrication of large structures may involve the performance of large numbers of 
manufacturing operations, such as the drilling of a large number of holes in the components 

10 of the structure. Conventional structures that require a large number of drilling operations 
include, for example, aircraft, missiles, ships, railcars, sheet metal buildings, and other 
similar structures. In particular, conventional aircraft fabrication processes typically involve 
the drilling of a large number of holes in wing sections of the aircraft to allow these sections 
to be attached to each other and to the airframe with fasteners (e.g. rivets). Other types of 

15 manufacturing operations that may be involved in the construction of structures include 
riveting, cutting, welding, sanding, measuring and inspecting operations. 

A variety of devices have been developed to facilitate drilling operations involving 
the drilling of a large number of holes. For example, U.S. Patent No. 4,850,763 issued to 
Jack et al discloses a drilling system that includes a pair of rails temporarily attached to an 

20 aircraft fuselage. A support carriage is slideably coupled to the rails and supports a drill 
assembly. A template attached to the aircraft fuselage provides an index of the desired 
locations of the holes that are to be formed in the aircraft fuselage. As the carriage is moved 
along the rails, a locking mechanism (or trigger) interacts with the template to securely 
position the carriage for a subsequent drilling operation. 

25 Although desirable results have been achieved using the prior art drilling systems, 

some disadvantages have been noted. The drill assemblies that are conventionally used for 
such operations typically weigh approximately twenty pounds, and may be relatively bulky 
and awkward to handle. These attributes may lead to operator fatigue, and may reduce the 
efficiency of the fabrication process. Furthermore, the weight and bulk of the drill assembly 

30 may cause the supporting assembly of the rails and the carriage to sag, twist, or bend, 
depending on the orientation of the fuselage section under work, which may result in 
inaccuracies or misalignment of the resulting holes. For the foregoing reasons, an unmet 
need exists for an improved support assembly for performing manufacturing operations, 
including drilling operations. 
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Summary of the Invention 

The present invention is directed to methods and apparatus for counterbalanced 
manufacturing operations, and more specifically, to methods and apparatus for performing 
counterbalanced drilling operations on aircraft fuselage sections. Apparatus and methods in 
5 accordance with the present invention may advantageously reduce the amount of fatigue 
experienced by an operator of a manufacturing tool, and may improve the efficiency and 
accuracy of the manufacturing operations performed with the manufacturing tool. 

In one embodiment, an apparatus for supporting a tool relative to a surface of a 
workpiece includes a base adapted to be attached to the workpiece, a tool support coupled to 
10 the base, and a biasing device coupled to both the base and the tool support. The tool support 
is moveable relative to the base along a translation axis, and the biasing device is biasable 
along a biasing axis that is at least partially along the translation axis. The biasing device is 
adapted to at least partially counterbalance a force (e.g. a gravitational force) exerted on the 
tool support along the translation axis. 

15 



Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
detail below with reference to the following drawings. 
20 FIGURE 1 is an isometric view of a support assembly for performing manufacturing 

operations on a workpiece in accordance with an embodiment of the invention; 

FIGURE 2 is an isometric view of the support assembly of FIGURE 1 coupled with a 
drill assembly in accordance with an embodiment of the invention; 

FIGURE 3 is a side elevational view of the support assembly and drill assembly of 
25 FIGURE 2; 

FIGURE 4 is an isometric view of a carriage assembly being engaged with the track 
assembly of FIGURE 1; 

FIGURE 5 is an isometric view of the carriage assembly being secured to the track 
assembly of FIGURE 1; 

30 FIGURE 6 is an isometric view of the counterbalance assembly of FIGURE 1 in a 

first biasing position; 

FIGURE 7 is an isometric view of the counterbalance assembly of FIGURE 1 in a 
second biasing position; 

FIGURE 8 is an isometric view of a drill assembly being coupled with the 
35 counterbalance assembly of FIGURE 1; 
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FIGURE 9 is an isometric view of an alternate embodiment of a track assembly and a 
carriage assembly for use with a support assembly in accordance with another embodiment 
of the invention; 

FIGURE 10 is an enlarged, partial isometric top view of the track assembly and a 
5 portion of the carriage assembly of FIGURE 9; 

FIGURE 11 is an enlarged, partial isometric bottom view of the track assembly and a 
portion of the carriage assembly of FIGURE 9; 

FIGURE 12 is an isometric view of a manufacturing assembly for performing 
manufacturing operations on a workpiece in accordance with yet another embodiment of the 
10 invention; and 

FIGURE 13 is an isometric view of the manufacturing assembly of FIGURE 12 
engaged with a contoured workpiece in accordance with an alternate embodiment of the 
invention. 



1 5 Detailed Description of the Invention 

The present invention relates to methods and apparatus for counterbalanced 
manufacturing operations, and more specifically, to methods and apparatus for performing 
counterbalanced drilling operations on aircraft fuselage sections. Many specific details of 
certain embodiments of the invention are set forth in the following description and in 

20 FIGURES 1-13 to provide a thorough understanding of such embodiments. One skilled in 
the art, however, will understand that the present invention may have additional 
embodiments, or that the present invention may be practiced without several of the details 
described in the following description. 

FIGURE 1 is an isometric view a support assembly 100 for performing 

25 manufacturing operations on a workpiece 102 in accordance with an embodiment of the 
invention. In this embodiment, the support assembly 100 includes an elongated track 
assembly 110 attachable to the workpiece 102, a carriage assembly 120 moveably coupled to 
the track assembly 110, and a counterbalance assembly 130 coupled to the carriage assembly 
120. As described more fully below, because the support assembly 100 having the 

30 counterbalance assembly 130 may advantageously reduce the loads borne by an operator 104 
(partially visible) during a manufacturing operation, the support assembly 100 may reduce 
operator fatigue, and may improve the efficiency and quality of the manufacturing operation. 

As shown in FIGURE 1, the track assembly 1 10 includes a beam 112 equipped with a 
plurality of vacuum cup assemblies 114. The vacuum cup assemblies 1 14 are fluidly coupled 

35 to a vacuum line 116 leading to a vacuum source 118, such as a vacuum pump or the like. A 
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vacuum control valve 115 is coupled between the vacuum line 116 and the vacuum cup 
assemblies 1 14 and allows vacuum to be controllably removed or applied to the vacuum cup 
assemblies 114 during, for example, mounting and removal of the track assembly 1 10 to and 
from the workpiece 102. The vacuum cup assemblies 114 are of known construction and 
may be of the type disclosed, for example, in U.S. Patent No. 6,467,385 Bl issued to Buttrick 
et ah, or U.S. Patent No. 6,210,084 Bl issued to Banks et ah In alternate embodiments, the 
vacuum cup assemblies 114 may be replaced with other types of attachment assemblies, 
including magnetic attachment assemblies, bolts or other threaded attachment members, or 
any other suitable attachment assemblies. In some embodiments, the beam 112 of the track 
assembly 110 may be relatively rigid and inflexible, and in other embodiments, the beam 112 
may be a flexible or partially-flexible beam that may be bent and twisted to conform to the 
surface contours of the workpiece 102, as described more fully below. 

The carriage assembly 120 shown in FIGURE 1 includes a base member 122 having a 
plurality of carriage bearings 124 that rollably engage upper and lower edges 113a, 113b of 
the beam 1 12. Thus, the carriage assembly 120 may translate back and forth along the length 
of the beam 112 along an x-axis. In alternate embodiments, the carriage bearings 124 may be 
replaced with rollers, gears, slide members, rubber wheels, or other suitable coupling 
devices. In a particular embodiment, the carriage bearings 124 may be replaced with pinion 
gears that engage with a toothed rack portion (e.g. positioned on the upper edge 1 13a) of the 
beam 112. The carriage assembly 120 further includes a pair of locking mechanisms 126 
attached to the base member 122 and engageable with the beam 112 of the track assembly 
110. In this embodiment, the locking mechanisms 126 are hingeably coupled to the base 
member 122 and may extend through the base member 126 into a securing engagement with 
the beam 1 12, leaving the carriage assembly 120 free to traverse along the x-axis of the beam 
1 12, but otherwise preventing the carriage assembly 120 from becoming disengaged from the 
track assembly 1 10. A carriage lock 137 (FIGURE 3) is coupled to the base member 122 and 
may be engaged with the track assembly 1 10 to secure the carriage assembly 120 in a desired 
position on the track assembly 110. 

With continued reference to FIGURE 1, the counterbalance assembly 130 includes an 
elongated rail 132 moveably coupled to the carriage assembly 120, the rail 132 being 
moveable along a y-axis with respect to the carriage assembly 120. In this embodiment, the 
rail 132 is moveably engaged with the base member 122 of the carriage assembly 120 by a 
plurality of rail bearings 133. In the embodiment shown in FIGURE 1, the y-axis (or tool 
translation axis) is perpendicular to the x-axis, and both the y-axis and the x-axis are 
perpendicular to a local normal to the surface of the workpiece 102. In alternate 
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embodiments, the y-axis (and the x-axis) may be oriented at different angles with respect to 
the local normal to the surface of the workpiece 102, such as when the workpiece 102 has 
contoured surface, especially a workpiece 102 having a compound contoured surface (i.e. a 
surface that has curvature in multiple planes of curvature). It may be appreciated, however, 
5 that the y-axis of the support assembly 100 may be positioned such that the y-axis has at least 
a component that is perpendicular to the local normal to the surface of the workpiece 102, so 
that the y-axis is at least partially perpendicular to the local normal. In other words, the y- 
axis is preferably not aligned with the local normal to the surface of the workpiece 102. 

As further shown in FIGURE 1, a tool support 134 is coupled to the rail 132 and 

10 projects outwardly therefrom. A biasing cylinder (or counterbalance device) 136 has a first 
portion coupled to the carriage assembly 120 and a second portion coupled to the rail 132 (or 
to the tool support 134). The first and second portions of the biasing cylinder 136 are 
moveable relative to each other. In alternate embodiments, the biasing cylinder 136 may 
include a pneumatic cylinder, a hydraulic cylinder, one or more spring members, or any other 

15 suitable counterbalance device. Preferably, the counterbalance device 136 is controllably 
biasable by a control mechanism that permits the operator to engage and disengage a biasing 
force applied by the counterbalance device 136, and also to control the magnitude of the 
biasing force. As further shown in FIGURE 1, a supply line 138 leading to a source of 
pressurized fluid (e.g. air or hydraulic fluid) is coupled to a counterbalance control valve 140 

20 which controls the pressure within the biasing cylinder 136. In one embodiment, the biasing 
cylinder 136 is biasable in a single direction (e.g. either up or down along the y-axis) by 
applying pressure into the biasing cylinder 136 via the counterbalance control valve 140. 
Alternately, the biasing cylinder 136 may be selectively biased in both first and second 
directions (e.g. both up and down along the y-axis) by means of the counterbalance control 

25 valve 140. In a preferred embodiment, the counterbalance control valve 140 may be 
adjustable to control the biasing direction and the amount of biasing pressure within the 
biasing cylinder 136, which in turn controls the amount of biasing force applied by the 
biasing cylinder 136 on the tool support 134. 

In one particular embodiment, the support assembly 100 in accordance with an 

30 embodiment of the present invention may be employed in drilling operations. For example, 
FIGURES 2 and 3 are isometric and side elevational views, respectively, of the support 
assembly 100 of FIGURE 1 coupled with a drill assembly 160 in accordance with one 
embodiment of the invention. In this embodiment, the drill assembly 160 includes a drilling 
device 162 coupled to a support bracket 164 that is, in turn, coupled to the tool support 134 

35 of the counterbalance assembly 130. The drilling device 162 may include a clamp collet 166 
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that may be securely engaged into a hole in the workpiece 102. The drilling device 162 may 
be any known drilling device suitable for performing drilling operations on a workpiece, 
including, for example, those drilling devices commercially-available from Cooper Tools, 
Inc. of Lexington, South Carolina, West Coast Industries, Inc. of Seattle, Washington, 
5 Recoules, S.A. of Ozoir-la-Ferriere, France, and from Global Industrial Technologies, Inc. of 
Dallas, Texas. 

In operation, the vacuum control valve 115 (FIGURE 1) may be actuated to 
disengage the vacuum source 118 from the vacuum assemblies 114, allowing the track 
assembly 110 to be positioned at a desired location on the workpiece 102. The vacuum 

10 control valve 115 may then be re-actuated to engage the vacuum source 118 with the vacuum 
assemblies 114, securely engaging the track assembly 1.10 to the workpiece 102. Next, the 
carriage assembly 120 may be coupled to the track assembly 110. FIGURE 4 is an isometric 
view of a carriage assembly 120 being engaged with the track assembly 110. As shown in 
FIGURE 4, the uppermost carriage bearings 124 may be positioned in contact with the upper 

15 edge 1 13a of the beam 112 of the track assembly 1 10 in a tipped or canted position, and then 
the carriage assembly 120 may be rotated downwardly until the lowermost carriage bearings 
124 engage the lower edge 1 13b of the beam 1 12. 

With the carriage assembly 120 positioned on the rail assembly 110, the carriage 
assembly 120 may be secured to the track assembly 110 such that the carriage assembly 120 

20 may move back and forth along the x-axis of the track assembly 110, but will otherwise not 
become separated from the track assembly 110. FIGURE 5 is an isometric view of the 
carriage assembly 120 being secured to the track assembly 110 by an operator 104 by 
pressing the locking mechanisms 126 of the carriage assembly 120 into engagement with the 
beam 1 12 of the track assembly 110. 

25 Next, with the supply line 138 coupled to the counterbalance control valve 140, the 

operator 104 may adjust a biasing pressure within the biasing cylinder 136 by actuating the 
counterbalance control valve 140, thereby providing a desired amount of biasing force along 
the y-axis. For example, FIGURE 6 is an isometric view of the counterbalance assembly 130 
positioned in a first biasing position 170, and FIGURE 7 is an isometric view of the 

30 counterbalance assembly 130 positioned in a second biasing position 172. In the first biasing 
position 170 (FIGURE 6), the counterbalance control valve 140 is closed so that there is no 
biasing pressure within the biasing cylinder 136, thereby allowing gravity to drive the rail 
136 and the tool support 134 downwardly with respect to the track assembly 110. 
Conversely, in the second biasing position 172 (FIGURE 7), the counterbalance control valve 
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140 is actuated to provide a biasing pressure within the biasing cylinder 136 that tends to 
drive the rail 136 and the tool support 134 upwardly with respect to the track assembly 110. 

It will be appreciated that the biasing cylinder 136 may be used to counterbalance the 
weight of a tool assembly 160 mounted on the counterbalance assembly 130. In some 
5 embodiments, the tool assembly 160 may be mounted below the track assembly 110 such 
that the counterbalance assembly 130 tends to pull the tool assembly 160 toward the track 
assembly 110. In alternate embodiments, the tool assembly 160 may be mounted above the 
track assembly 1 10 so that the counterbalance assembly 130 tends to push the tool assembly 
160 away from the track assembly 1 10. 

10 A manufacturing tool may then be coupled to the counterbalance assembly 130 for 

performing a manufacturing process on the workpiece 102. For example, FIGURE 8 is an 
isometric view of the drill assembly 160 (FIGURE 3) being coupled with the counterbalance 
assembly 130. Specifically, the support bracket 164 coupled to the drilling device 162 may 
be slideably engaged onto the tool support 134 by the operator 104, and may be secured into 

15 position by, for example, one or more locking screws 168 (FIGURE 3). In one embodiment, 
a hole template 106 (FIGURE 2) may be affixed to the workpiece 102 to provide a guide for 
where a plurality of holes 107 are to be drilled into the workpiece 102 using the drilling 
assembly 160. 

With the drilling assembly 160 (or other manufacturing tool) secured to the 

20 counterbalance assembly 130, the operator may adjust the counterbalance control valve 140 
so that the tool support 134 is biased upwardly along the y-axis (FIGURE 7), and so that the 
pressure within the biasing cylinder 136 counterbalances (or counteracts) a gravitational 
force on the drilling assembly 160. In a preferred method of operation, the biasing force 
exerted by the biasing cylinder 136 on the tool support 134 approximately balances the 

25 weight of the drilling assembly 160, such that the drilling assembly 160 "floats" on the 
support assembly 100 and may be moved along the y-axis with a relatively small amount of 
force applied by the operator 104. Thus, the operator 104 may position the drilling assembly 
160 in a desired position along the x-axis by translating the carriage assembly 120 along the 
track assembly 110, and in a desired position along the y-axis by sliding the rail 136 up or 

30 down with respect to the carriage assembly 120, with relatively little effort. Of course, in 
alternate modes of operation, the biasing force exerted by the biasing cylinder 136 may be 
adjusted to be less than or greater than the weight of the drilling assembly 160 as desired. 

In an alternate method of operation, the support assembly 100 may be secured to the 
workpiece 102, and a manufacturing tool {e.g. the drilling assembly 160) may be attached to 

35 the carriage assembly 120 of the support assembly 100. Next, the drilling assembly 160 may 
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be securely engaged with the workpiece 102, such as, for example, by engaging the clamp 
collet 166 of the drill assembly 160 through a hole 107 in the workpiece 102. With the 
drilling assembly 160 secured to the workpiece 102, the support assembly 100 may then be 
disengaged from the workpiece 102 such that the support assembly 100 is supported by the 
5 drilling assembly 160 attached to the workpiece 102. The support assembly 100 may then be 
moved (or translated) with respect to the drilling assembly 160 to a different location on the 
workpiece 102, with the support assembly 100 remaining moveably coupled to the drilling 
assembly 160 during this portion of the process. With the support assembly 100 positioned 
at a new location on the workpiece 102, the support assembly 100 may be re-engaged with 

10 the workpiece 102, and the manufacturing operations with the manufacturing tool may be 
resumed along a new section of the workpiece 102. 

In one particular embodiment, after the drilling assembly 160 (or other manufacturing 
tool) is secured to the workpiece 102, and with the drilling assembly 160 coupled to the 
counterbalance assembly 130, the counterbalance control valve 140 of the counterbalance 

15 assembly 130 may be adjusted to provide a biasing force in a direction that counterbalances 
the gravitational force on the support assembly 100. In this way, the counterbalance 
assembly 130 may be used to assist the operator 104 in the re-positioning of the support 
assembly 100 on the workpiece 102. In a preferred embodiment, the counterbalance 
assembly 130 is adjusted to approximately equal the gravitational force on the support 

20 assembly 100 so that when the support assembly 100 is disengaged from the workpiece 102 
and is supported by the drilling assembly 160 secured to the workpiece 102, the support 
assembly 100 may be easily translated (rolled or slid) through the carriage assembly 120 
similar to a carriage on a relatively-older model typewriter. 

The support assembly 100 may provide significant advantages over prior art 

25 apparatus and methods for performing manufacturing operations on the workpiece 102. 
Because the counterbalance assembly may be adjusted to counterbalance the weight of a 
manufacturing tool, the operator is not required to bear the weight of the manufacturing tool 
while performing the manufacturing operation. The operator is therefore less likely to 
become fatigued during the manufacturing operation, which may improve the operator's 

30 satisfaction and comfort during performance of the manufacturing operation. Reducing the 
operator's fatigue may also lead to improved efficiency and improved accuracy in the 
performance of the manufacturing operation. Furthermore, reducing the fatigue of the 
operator may be especially advantageous for those manufacturing operations that require a 
large number of operations using the manufacturing tool on the workpiece. 
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The support assembly 100 may also advantageously improve the quality of the 
manufacturing operations by ensuring accurate, consistent positioning of the manufacturing 
tool with respect to the workpiece. Because the support assembly 100 supports and controls 
the orientation of the manufacturing tool with respect to the surface of the workpiece, the 
5 manufacturing operations may be more accurately and consistently conducted. The operator 
does not need to support the weight of the manufacturing tool during the manufacturing 
operation, but rather, may remain involved in moving the manufacturing tool to the desired 
location and operating the controls of the manufacturing tool to perform the desired 
operation. Thus, the orientation of the manufacturing tool with respect to the surface of the 

10 workpiece may be un-effected by fatigue or skill level of the operator. 

Furthermore, because support assemblies in accordance with the present invention 
may be easily moved along the surface of the workpiece, the speed with which 
manufacturing operations may be performed may be increased. As noted above, with a 
manufacturing tool securely engaged with the workpiece, the support assembly 100 may be 

15 detached from the workpiece and may be moveably translated relative to the manufacturing 
tool to a new location on the workpiece. At the new location, the support assembly may be 
re-engaged with the workpiece, and the manufacturing operations may be permitted to 
continue. The counterbalance assembly may be used to facilitate this process by providing a 
biasing force that counterbalances the weight of the support assembly, thereby assisting the 

20 operator with translation of the support assembly to the new location. Thus, the apparatus 
and methods in accordance with the present invention may provide yet another improvement 
in the efficiency of manufacturing operations. 

It may be appreciated that support assemblies in accordance with the present 
invention, including the particular embodiment of the support assembly 100 described above, 

25 may be used to provide counterbalancing support to a wide variety of manufacturing tools, 
and that the teachings of the present invention are not limited to manufacturing operations 
that involve drilling. For example, support assemblies in accordance with the present 
invention may be used to support riveters, mechanical and electromagnetic dent pullers, 
welders, wrenches, clamps, sanders, nailers, screw guns, or virtually any other desired type 

30 of manufacturing tools or measuring instruments. 

It may also be appreciated that a variety of alternate embodiments of apparatus and 
methods may be conceived in accordance with the present invention, and that the invention is 
not limited to the particular apparatus and methods described above and shown in the 
accompanying figures. For example, it may be noted that the track assembly 110 and the 

35 carriage assembly 120 may be eliminated, and that the counterbalance assembly 130 may 
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simply be secured directly to the workpiece 102 by one or more attachment assemblies (e.g. 
vacuum cup assemblies 114), to allow counterbalanced manufacturing operations at a single 
point on the workpiece 102, or along a single line of points on the workpiece 102 that may be 
parallel with the y-axis. Furthermore, the counterbalance assembly 130 may be modified or 
5 inverted with respect to the carriage assembly 120 so that the tool support 134 is positioned 
above the track assembly 110 rather than below the track assembly 110. 

Furthermore, the carriage assembly 120 and the track assembly 110 may assume a 
wide variety of alternate embodiments. For example, in one embodiment, the counterbalance 
assembly 130 may be coupled to the rail and carriage assembly taught by U.S. Patent No. 

10 4,850,763 issued to Jack et al In yet another embodiment, the counterbalance assembly 130 
may be used in combination with any of the carriage assemblies and track assemblies 
disclosed in co-pending, commonly owned U.S. Patent Application No. 10/016,524, which 
application is incorporated herein by reference. Specifically, FIGURE 9 is an isometric view 
of an alternate embodiment of a track assembly 210 and a carriage assembly 220 for use in a 

15 support assembly 200 in accordance with another embodiment of the invention, as disclosed 
in U.S. Patent Application No. 10/016,524. FIGURES 10 and 11 are enlarged, partial 
isometric top and bottom views, respectively, of the track assembly 210 and the carriage 
assembly 220 of FIGURE 9. 

As shown in FIGURES 9-11, the track assembly 210 includes a pair of rails 22, 24 to 

20 which a plurality of attachment devices, preferably in the form of vacuum cup assemblies 
114 (FIGURE 1) are releasably affixed at spaced intervals along the length of each rail. The 
rails 22, 24 preferably have a width substantially greater than their thickness such that they 
are substantially stiffer in bending about an axis that extends in the thickness direction than 
they are about an axis that extends in the width direction. The rails 22, 24 are oriented 

25 approximately parallel to each other, although the lateral spacing between the rails 22, 24 can 
vary when the rails 22, 24 are mounted on a compound-contoured workpiece surface. 
Preferably, the rails 22, 24 are rigidly affixed to each other at only one end by a connecting 
member 28a, which fixes the lateral spacing between the rails at that end. At other locations 
along the rails 22, 24, the spacing between the rails 22, 24 can vary as noted. There can be 

30 another connecting member 28b at the opposite end of the rails 22, 24, but this connecting 
member 28b may provide a "floating" connection that allows the spacing between the rails 
22, 24 to adjust as needed depending on the contour of the workpiece 102 surface. 

The widths of the rails 22, 24 extend substantially parallel to the surface of the 
workpiece 102 when the vacuum cup assemblies 114 are attached to the workpiece surface 

35 102. Because the rails 22, 24 may bend relatively easily about the widthwise directions and 
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to twist about their longitudinal axes, the rails 22, 24 may flex and twist as needed to 
substantially follow the surface of the workpiece 102 and the vacuum cup assemblies 114 
maintain each rail at a substantially constant distance from the surface of the workpiece 102. 
In this manner, the major surfaces of the rails 22, 24 may be substantially perpendicular to 
5 the surface normal of the workpiece 102 at any point along each rail 

With continued reference to FIGURES 9-11, mounted on the rails 22, 24 is a carriage 
assembly 220 that may translate along the rails 22, 24 by virtue of rollers 32 that are mounted 
on a first base member 30 of the carriage 220 and engage the rails 22, 24. The first base 
member 30 of the carriage assembly 220 in the illustrated embodiment comprises a plate- 

10 shaped member. The rollers 32 are mounted along each of the opposite side edges of the first 
base member 30. More particularly, spring plates 34 and 36 (best shown in FIGURE 1 1) are 
attached to the first base member 30 adjacent to a lower surface thereof at each of the 
opposite side edges of the first base member. The spring plates 34, 36 are affixed to the first 
base member 30 at locations 37 (FIGURE 1 1) spaced inwardly from the opposite ends of the 

15 spring plates 34, 36, such that each spring plate has two opposite end portions that are 
cantilevered from the first base member 30. The rollers 32 are mounted on these 
cantilevered end portions of the spring plates 34, 36. There are two opposing rollers 32 
mounted on each cantilevered end portion of each of the spring plates 34, 36. Each rail 22, 
24 is received between the opposing rollers 32. The rails 22, 24 preferably have V-shaped 

20 edges engaged by the rollers 32, and the rollers 32 are V-groove rollers having V-shaped 
grooves that receive the V-shaped edges of the rails 22, 24. The rollers 32 thus prevent 
relative movement between the rollers 32 and rails 22, 24 in the direction along the rotational 
axes of the rollers 32, which axes are substantially normal to the workpiece surface 102. 

The spring plates 34, 36 on which the rollers 32 are mounted may flex and twist as 

25 needed (Le. as dictated by the contour of the workpiece surface 102 as the carriage assembly 
220 traverses the rails 22, 24) to allow a limited degree of relative movement to occur 
between the first base member 30 and the rollers 32. This is facilitated by making the spring 
plates 34, 36 relatively narrow at their middles and wider at their ends, so that the plates 34, 
36 preferentially bend and twist at approximately the middle rather than at the ends where the 

30 rollers 32 are mounted. Thus, a limited degree of relative movement can occur between the 
first base member 30 and the rails 22, 24. The net result is that the support assembly 200 
enables the carriage assembly 220 to traverse the rails 22, 24 along the X-axis (i.e. the axis 
parallel to the length direction of the rails 22, 24) even though the rails 22, 24 may be 
bending and twisting in somewhat different ways relative to each other. In effect, the rails 

35 22, 24 conform to the contour of the workpiece surface 102 and thus approximate a normal to 
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the surface at any point along the path defined by the rails 22, 24. Consequently, a reference 
axis of the carriage assembly 220 (in the illustrated embodiment, an axis normal to the plane 
of the first base member 30) is maintained substantially normal to the workpiece surface 102 
at any position of the carriage assembly 220 along the rails 22, 24. 
5 As best shown in FIGURE 9, a rack 38 for a rack and pinion arrangement is mounted 

along the surface of the rail 24 that faces the spring plate 36, and the carriage assembly 220 
includes a first motor 40 and associated gearbox 42 mounted on the spring plate 36. An 
output shaft from the gearbox 42 has a pinion gear 44 mounted thereon, and the spring plate 
36 includes a window 46 (FIGURE 10) that the pinion gear 44 extends through to engage the 

10 rack 38 on the rail 24. Thus, rotation of the pinion gear 44 by the first motor 40 drives the 
carriage assembly 220 along the rails 22, 24. It may be appreciated that the rail 24 having the 
rack 38 comprises a reference rail relative to which the X-axis positioning of the carriage 
assembly 220 may be performed. No attempt is necessary to determine or control the X-axis 
positioning of the carriage assembly 220 relative to the other rail 22. 

15 To improve accuracy of the X-axis position of the carriage assembly 220, the pinion 

gear 44 may have a constant height relative to the rack 38 at any point along the reference 
rail 24. To accomplish this height control, the rotation axis of the pinion gear 44 may 
preferably lie in the same plane as that defined by the rotational axes of the two rollers 32 
mounted on the end of the spring plate 36. More particularly, the axes of the rollers 32 may 

20 be substantially parallel to each other and substantially normal to the workpiece surface 102, 
and the axis of the pinion gear 44 may be substantially parallel to the workpiece surface 102 
and may lie in the plane of the roller axes. 

As further shown in FIGURES 9-11, the carriage assembly 220 further includes a 
second base member 50 slideably mounted atop the first base member 30 so that the second 

25 base member 50 can slide back and forth along a Y-axis direction perpendicular to the X-axis 
direction. More particularly, rails 52, 54 are affixed to the opposite edges of the first base 
member 30, and rollers 56 are mounted on the second base member 50 for engaging the rails 
52, 54. A rack 58 for a rack and pinion arrangement is affixed to the first base member 30 
along the edge thereof adjacent to the rail 54 (see FIGURE 10). A second motor 60 and 

30 associated second gearbox 62 are mounted on a plate 64 that is affixed to the second base 
member 50 adjacent to the rack 58. The plate 64 includes a window therethrough, and the 
output shaft of the second gearbox 62 extends through the window and drives a pinion gear 
66 that engages the rack 58. Thus, rotation of the pinion gear 66 by the second motor 60 
drives the second base member along the rails 52, 54 in the Y-axis direction. 
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In operation, the counterbalance assembly 130 described above with reference to 
FIGURES 1-8 may be coupled to the second base member 50 of the carriage assembly 220 
shown in FIGURE 9, with the rail 132 aligned with the Y-axis, and a manufacturing tool may 
be coupled to the counterbalance assembly 130. Counterbalance-assisted manufacturing 
5 operations may then be performed substantially in accordance with the procedures and 
methods described above. Movement of the carriage assembly 220 along the x-axis may be 
provided by a combination of force applied by the operator 104 and/or by the first motor 40. 
Similarly, positioning of the manufacturing tool along the y-axis may be provided by a 
combination of force applied by the operation 104 and/or the second motor 60. In further 

10 embodiments, gross positioning of the manufacturing tool may be provided by the first and 
second motors 40, 60, and fine positioning may be provided by the operator 104, or vice 
versa. Thus, the above-described advantages of apparatus and methods in accordance with 
the present invention may be achieved using a carriage assembly having one or motors that 
provide driving force for positioning of the manufacturing tool. 

15 FIGURES 12 and 13 are isometric views of a manufacturing assembly 300 for 

performing manufacturing operations on a contoured workpiece 302 in accordance with yet 
another embodiment of the invention. In this embodiment, the manufacturing assembly 300 
a track assembly 310, a carriage assembly 320 moveably coupled to the track assembly 310, 
and a counterbalance assembly 330 coupled to the carriage assembly 320. Many of the 

20 details of the manufacturing assembly 300 are similar or identical to the previously described 
embodiments. Therefore, for the sake of brevity, only significant differences between the 
manufacturing assembly 300 will be discussed below. 

As best shown in FIGURE 12, the counterbalance assembly 330 includes a motor 332 
that drives a coupling member 334 that, in turn> engages with the track assembly 310. More 

25 specifically, in the embodiment shown in FIGURE 12, the coupling member 334 is a gear 
that engages with a rack 314 formed in a beam 312 of the track assembly 310. A tool 
assembly 360 is coupled to the carriage assembly 320 and for performing a manufacturing 
operation on the workpiece 302. In alternate embodiments, the motor 3332 may be a 
constant torque motor, a constant force motor, a variable torque motor, a constant current 

30 motor, or any other suitable motor. In one particular embodiment, the motor 332 is an 
electric servomotor. 

As shown in FIGURE 13, in operation, the track assembly 310 may be affixed to the 
contoured workpiece 302 such that gravitational forces tend to pull the carriage and tool 
assemblies 320, 360 along the length of the track assembly 310 in a generally downward 
35 direction 370. The counterbalance assembly 330, however, may counteract the gravitational 

- 14 - Black Lowe & Graham pllc 

25315 B.NG-M00MP 816 Second Avenue 

PATENT TRADEMARK OFFICE J^al^S «J «m 

206.381.3300 • F: 206.381.3301 



forces by actuating the coupling member 334 (the gear) to exert a counterbalancing force 
against the gravitational forces in a generally upward direction 372, thereby holding the 
carriage assembly 320 and the tool assembly 360 at a desired station on the workpiece 302. 
Preferably, the counterbalance assembly 330 may resist the gravitational forces exerted on 
5 the carriage assembly 320 and the tool assembly 360, however, may allow the carriage 
assembly 320 to be moved by the manual application of force on the manufacturing assembly 
300 by an operator when positioning the tool assembly 360 in a desired position for 
performing a manufacturing operation. 

The manufacturing assembly 300 shown in FIGURES 12 and 13 may provide the 

10 above-noted advantages of reduced operator fatigue and improved manufacturing throughput 
using a motor-based counterbalancing assembly 330. Because the motor 332 
counterbalances gravitational forces acting in the downward direction 370, an operator is not 
required to exert manual force on the manufacturing assembly to prevent the carriage 
assembly 320 from rolling down the track assembly 310 during positioning or during 

15 performance of the manufacturing operation. Also, because the counterbalancing assembly 
330 uses the motor 332, the counterbalancing cylinder and associated pneumatic lines and 
pump may be eliminated. 

It will be appreciated that in the support assembly 100 described above with respect 
to FIGURES 1-8, the biasing cylinder could be replaced with a motor and coupling device 

20 similar to the embodiment of the manufacturing assembly 300 shown in FIGURES 12 and 
13. Thus, a motor-based counterbalancing assembly could be implemented to counterbalance 
forces acting along the longitudinal axis of the track assembly (FIGURES 12 and 13) or 
transverse to the longitudinal axis of the track assembly (FIGURES 1-8). In this way, the 
manufacturing assembly 300 demonstrates that counterbalancing assemblies in accordance 

25 with the present invention may be implemented using a variety of counterbalancing devices, 
and may be used to counterbalance gravitational forces acting along or transversely to the 
longitudinal axis of the track assembly. Indeed, embodiments of the present invention may 
be implemented to counterbalance forces acting in substantially any direction relative to the 
track assembly to assist the operator with manufacturing operations, and to improve the 

30 performance of a wide variety of different manufacturing operations on workpieces having 
substantially flat or complex contoured surfaces. 

While specific embodiments of the invention have been illustrated and described 
herein, as noted above, many changes can be made without departing from the spirit and 
scope of the invention. Accordingly, the scope of the invention should not be limited by the 
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disclosure of the specific embodiments set forth above. Instead, the invention should be 
determined entirely by reference to the claims that follow. 
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